The variegated picture of tuiberculous infection, both spontaneous in man and experimentally induced in animals, has puzzled students and led to most complicated explanations. Most of the earlier experimental studies were handicapped by the lack of two fundamentals which now appear so essential to a solution. One of these was the primary lack of information on the tubercle bacillus and its virulence or avirulence, and the other was the necessity for an exact interpretation of the quantitative relations between the bacilli and the host as expressed in the evaluation of infection and specific immunity. As long as tuberculin and tuberculin allergy were fitted into the picture of specific immunity, and tuberculin allergy was viewed as synonymous with immunity, progress was hampered because of an experimental phenomenon which did not exist naturally.' However, with a better conception of the avirulence of tubercle bacilli, stressed by Calmette with BCG, and a full recognition of grades of virulence of mammalian bacilli, it became possible to evaluate more exactly the elements involved in specific tubercultosis immunity, to understand its mechanism better, and to determine its part in experimental infection and recovery. It had frequently been noted that certain strains of tubercle bacilli would not infect all of the experimental animals uniformly though used in relatively large amounts, and yet those animals that were infected became definitely tuberculous. These observations were made frequently on guinea-pigs infected with mammalian tu'bercle bacilli to which they were usually acknowledged to be highly suscepti'ble. In earlier studies it was shown that a relative specific tuberculosis immunity is produced readily and consistently by viable avirulent mammalian tubercle bacilli,6 and that this immunity must be produced actively and cannot be transmitted from mother to offspring4 or passively transferred by the injection of blood or plasma. This specific tuberculosis immunity is quantitative and depends on a number of factors,
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During a survey of the virulence of tubercle bacilli harbored by old cases of pulmonary tuberculosis,2' 5 a number of human tubercle bacilli of moderate or low virulence were recovered from the sputum. Graded amounts from I mg. to 0.000,00 1 mg. were injected subcutaneously into guinea-pigs, and I mg. was also given intravenously.
As was shown previously, the results of either intravenous or suibcutaneous injections of highly virulent human tuberdle bacilli into guinea-pigs are an early lethal effect with large amounts of bacilli or definite tuberculosis with small amounts of bacilli (around 1 0-`mg.). Regardless of amount, up to 10 mg., avirulent human or bovine tubercle bacilli injected intravenously or subcutaneously in guinea-pigs, will not cause progressive tuberculosis. With human tubercle bacilli of low virulence (so-called attenuated organisms) the picture may be irregular in that the larger amounts injected, particularly if given subcutaneously, lead to results such as are recorded in Table 1 and illustrated in Fig. 1 . The three strains, M. C., W. R., and L. F., were isolated from the sputum of patients with pulmonary tuiberculosis of over ten years' duration. While 1 mg. given intravenously proved lethal within 44 to 61 days, the subcutaneous injection of the same amount (1 mg.) did not always produce tuberculosis of the internal organs. A smaller amount (0.001 mg.) usually resulted in the development of organ tuberculosis in all guinea-pigs thus injected. Very small amounts (0.000,001 mg.) given subcutaneously would infect only occasional guinea-pigs. In view of the results recorded in Table 1 , we offer the explanation of the fact that large amounts of bacilli used subcutaneously result in the development of a sufficiently potent specific immunity to retard further general infection from the local site of inoculation. A quantitative relation between infecti'on and immunity has been pointed out earlier. 3 When smaller injections of these bacilli of low virulence are used, the amount and extent of specific immunity developed are unable to cope with the infection before it becomes established generally. It appears to be a matter of reaction between multiplying bacilli retarded by a graded type of specific immunity, for which we have no measure at present except the actual infection test.
In order to illustrate further the part of specific tuberculosis immunity in infection in the guinea-pig, an experiment was planned in which avirulent human tubercle bacilli were mixed with small amounts of highly virulent human tuberde bacilli, the mixture being given subcutaneously. In addition, in another experiment, the avirulent human tubercle bacilli were injected subcutaneously one week prior to a small injection of a small amount of virulent bacilli in a different site. In the usual immunity experiment, an interval of three weeks to a month or more passes between the vaccination and the injection with virulent bacilli. The results of the foregoing experiments are recorded in Table 2 and illustrated in Fig. 2 .
The findings recorded in Table 2 indicate that 1 mg. of avirulent human tubercle bacilli mixed with 0.000,1 mg. of highly virulent human tubercle bacilli and injected subcutaneously in guinea-pigs results in a definite retardation of the tulberculosis developed in these animals when compared with controls infected only with the same amount and suspension of the highly virulent bacilli. When the avirulent bacilli are used in the 0.001 mg. amount and the virulent in the 0.000,001 mg. amount, a similar retardation in the tuberculosis occurs. When the same relative amounts of avirulent human tubercle bacilli are given subcutaneously one week prior to the virulent human tubercle bacilli (subcutaneously in a different site), a mcre pronounced retardation of the tuberculosis is noted 3 months after infection.
In view of the foregoing experiment and to note the effect of the coincident injection of viable, of heat-killed, and of chemically killed avirulent human tubercle bacilli upon the le6ions, both local and general, resulting from the small virulent infection, five groups of guinea-pigs were injected. Each of the guinea-pigs in experiment 1 was given a single intracutaneous injection of 0.000,001 mg.
of a virulent strain of human tubercle bacilli (H 160) as infection contral; each pig in experiment 2 was given a single injection of 0.01 mg. of viable avirulent human tuberde bacilli intracutaneously (avirulent reaction control); in experiment 3, the 0.000,001 mg. of virulent human tubercle bacilli (H 160) was mixed with the 0.01 mg. of viable avirulent human tuberde bacilli and injected intracutaneously; in experiment 4, the 0.000,001 mg. of virulent human tubercle bacilli (H 160) was mixed with 0.01 mg. of heatkilled (30 minutes in boiling water-bath) avirulent human tubercle bacilli; and in experiment 5, the 0.000,001 mg. of virulent human tubercle bacilli (H 160) was mixed with 0.01 mg. of chemically killed avirulent human tuberde bacilli. The latter bacilli were killed chemically in suspension by treating with 2.5 per cent acetic acid at incubator temperature (370 C.) for four hours and neutralizing the suspension by means -of 4 per cent sodium hydroxide before mixing with the viable virulent bacilli. The results of two such series are summarized in Table 3 in which only the tuberculous internal organ involvement is noted. The pertinent findings with respect to the local intracutaneous sites of injection were as follows: in the early weeks of the experiment, the intracutaneous lesion resulting from the mixture of the viable virulent with the viable avirulent human tubercle bacilli developed more rapidly and was larger than that resulting from the viable avirulent bacilli injected alone or the The results recorded in Table 3 show a definite retardation in the general tuberculosis resulting from the coincident injection of the viable avirulent human tubercle bacilli, while an equivalent amount of heat-killed or chemically killed avirulent bacilli injected intracutaneously with the virulent bacilli resulted in a definite increase in the general ttXberculosis in the guinea-pigs 64 days after injection when compared with the infected control guinea-pigs given the virulent bacilli alone. It is evident from this experiment that the viable avirulent human tubercle bacilli coincidently injected intracutaneously into the guinea-pigs has caused a definite alteration in the specific immune condition of these animals which leads to a pronounced retardation of the general disease. Such influence was not exerted by the heat or chemically killed bacilli. On the other hand, it seems that these killed bacilli were able to favor the local development of the virulent bacilli and the progress of the general disease was enhanced without the coincdent stimulation of the specific immune condition by the killed bacilli or the rapidly developing virulent bacilli. This is illustrated by the pictures in Fig. 3 taken of typical animals from these experiments.
Summary and Cotwlusions 1. When graded amounts (from I mg. to 0.000,001 mg.) of human tubercle bacilli of low virulence are injected sizbcutaneously into guinea-pigs, an asbsence of organ tuberculosis following the injection of the larger amounts of viable bacilli (1 mg.) is noted frequently, while organ tuberculosis is definitely produced in these animals by the 0.001 mg. amount and occasionally even by the 0.000,001 mg. amount. 2. When appropriate amounts of viable avirulent human tubercle bacilli are given subcutaneously coincident with or 1 week prior to infection with virulent human tubercle bacilli, a definite retardation of the infection in guinea-pigs occurs. 3. When appropriate amounts of viable avirulent human tubercle bacilli are injected intracutaneously with small infecting amounts of virulent human tubercle bacilli, an enhanced local reaction occurs at first, followed by a markedly diminished general organ tubercu-losis. Heat or chemically killed avirulent human tubercie bacilli intracutaneously injected coincidently with virulent human tubercle bacilli exert an apparent enhancing effect on the subsequent organ tuberculosis developed in the animals from the virulent infection. 4. From these experiments, the phenomenon of retardation of the organ tuberculosis in guinea-pigs infected with bacilli of low virulence appears to be due to the effect of the coincident development of a sufficient grade of relative specific immunity produced by the initial injection of the large amount of viable bacilli to retard or inhibit compJetely the otherwise slow development of these tubercle bacilli in the animal. This phenomenon of specific immunity is the counterbalance held against the bacillary development when these bacilli enter intravitally into the body and it helps to account for the prolonged chronicity of the disease in man. 
